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ABSTRACT
Objective: The authors aimed to retrospectively identify associations between allergen sensitization frequencies and

specific comorbidities in a patient population in Miami, Florida, tested between November 2004 and July 2006 with a
pediatric standard series and to compare their findings to recent pediatric and adult patch testing data published by other
North American referral centers. Design: The authors performed a retrospective chart review evaluating the most
common, clinically relevant contact allergens against the frequency of specific comorbidities, such as atopic dermatitis.
The results were compared with the patch testing data from the Ottawan Contact Dermatitis Group’s 1996–2006 study,
the North American Contact Dermatitis Group 2001–2004 study, and the Mayo Clinic 1998–2000 study and the
2000–2006 study. Setting: University of Miami, Miami, Florida. Participants: Sixty-nine Miami children and adolescents
between age six months and 18 years, having been referred for comprehensive patch testing. Measurements: The
frequency of positive patch test reactions and clinical relevance was evaluated against the frequency of comorbidities.
Results: Forty-five patients met all the inclusion criteria. Of these, 95.6 percent (43 patients) had at least one positive
patch test reaction, with 76.7 percent of them having a personal history of atopic dermatitis. The most common pediatric
allergens were found to significantly overlap with those of other North American referral centers. Conclusions: Allergic
contact dermatitis is prevalent in atopic dermatitis; however, the authors were not able to demonstrate a statistically
significant association, as the majority of patients referred had atopic dermatitis, and thus the control group was
inadequate. Furthermore, allergens at the Miami center paralleled those seen at different centers within North America. 
(J Clin Aesthet Dermatol. 2010;3(10):29–35.)
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Allergic contact dermatitis (ACD) is a growing health
complication in the pediatric population.1–4 A
significant prevalence of ACD in those with atopic

dermatitis (AD) has been established in the literature.5–8

The purpose of this study was to investigate associations
between contact allergen sensitization and specific
comorbidities (such as AD, asthma, or cigarette smoking in
a household contact). In addition, the authors sought to
compare their group data to the pediatric patch testing
data published by another single referral center in North
America, and to that of the consensus data from both
adults and children tested in multicenter referral sites in
North America.

METHODS 
Patients. The authors performed a retrospective chart

review of children evaluated for ACD at the University of
Miami Pediatric Contact Dermatitis Clinic between
November 2004 and July 2006. Of the 69 patients
evaluated for ACD, 45 (65.2%) had met all the inclusion
criteria: age six months to 18 years old; diagnosis of “rule
out ACD” from the referring dermatologist, and
comprehensive testing at the authors’ contact dermatitis
referral center per previously described protocol.9 Reasons
documented in the charts for patch testing not being
performed after initial evaluation included the following:
the patient’s legal guardian had deferred patch testing; the
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procedure was not performable due to the extent of the
patient’s dermatitis (too limited an area to patch test); and
resolution of the patient’s dermatitis following initial
consultation and patient adherence with the authors’
super-sensitive skin regimen (which includes instruction
on skin barrier care and formaldehyde and fragrance
avoidance).9 Finally, one family refused to sign an informed
consent, so patch testing was deferred by the center. The
clinical diagnosis of AD was made according to the
diagnostic criteria of Hanifin and Rajka.10 Level of clinical
relevance (definite, probable, possible, and past) was used
as previously described.11

Data analysis. The frequencies of sensitization to
clinically relevant contact allergens were evaluated against
the frequencies of comorbidities, such as atopic dermatitis,
asthma, hay fever, and household cigarette smoking. The
authors’ patch testing results were compared to the
pediatric patch testing data from the Ottawan 1996–2006
study period,12 as well as both the adult and pediatric patch
testing data from the North American Contact Dermatitis
Group (NACDG) 2001–2004 study period and both the
adult and pediatric patch testing data from the Mayo Clinic
1998–2000 and 2000–2006 study periods, respectively.13–15

Statistical analysis. Frequency tables were used to
identify frequency of occurrence of each patient’s medical
history as well as frequency of occurrence of all allergens.
The two-sided Fischer’s exact test was used to determine
the significance of the association between the comorbidity
of a patient and his or her relevant allergen(s). A P value of
less than 0.5 indicated a statistically significant difference.
Statistical Package for the Social Sciences (SPSS) software
was used for statistical analysis. 

RESULTS 
Data were reviewed for the 45 patients who were

consecutively patch tested, aged 10 months to 16 years old
(21 male and 24 female; mean age: 8.209±4.60 years;
median age: 9 years). During this period, 69 children had
been evaluated, 13 had deferred patch testing due to
improvement on super-sensitive skin regimen (18.8%),
seven were deferred (10.1%), and four were not tested due
to the extensive nature of their dermatitis (5.8%). Of the
45 patients who had met the inclusion criteria, 95.6 percent
(43 patients) had at least one positive patch test reaction.
Two patients had negative patch tests. Of the 43 patients
with positive patch tests, 76.7 percent (33 patients) had
patch tests with definite or probable current clinical
relevance and 22.2 percent (10 patients) had patch tests
with possible current clinical relevance. Significant clinical
improvement was noted after clinically relevant allergen
avoidance in 93 percent of the patients in which definite or
probable clinical relevance was determined.

The most common, clinically relevant allergens were
nickel (23.3%), cocamidopropyl betaine (CAPB, 23.3%),
myroxylon pereirae (18.6%), neomycin (16.3%), disperse
blue dye 106 (16.3%), carba mix (14%), cinnamic aldehyde
(11.6%), formaldehyde (11.6%), and fragrance mix 1
(11.6%). These results are summarized in Figure 1.
Patient-specific comprehensive data for a subset of these
patients tested between October 1, 2004, and May 1, 2006,
are included in a report from a multicenter retrospective
study.11

The authors’ evaluation of the frequency of contact
allergen sensitization against the frequency of specific
comorbidities showed no statistically significant associations,

Figure 1. Top culprit pediatric allergens
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largely due to an inadequate control group at this referral
institution. However, of the 43 patients with a positive patch
test reading, 76.7 percent (33 patients) had a personal
history of AD; 16.3 percent (7 patients) and 41.9 percent (18
patients) had a personal history of asthma and hay fever,
respectively; and 48.8 percent (21 patients) had a history of
a positive radioallergosorbent (RAST) or prick test to at least
one allergen (e.g., eggs, grass, dust, cat dander, and dog
dander). No children had a personal history of psoriasis,
lupus, or thyroid disease. Five patients (11.6%) had at least
one cigarette-smoking household contact, which did not
correlate with allergen sensitization in this limited
population. Both Table 1 and Figure 2 illustrate the authors’
top pediatric contact allergens stratified by comorbidity. 

The top allergen frequencies reported in adult
populations from both the Mayo Clinic and NACDG
overlapped with six (nickel, myroxylon pereirae,
neomycin, fragrance mix, thimerosal, formaldehyde) of the
authors’ top pediatric allergens. Four (nickel, fragrance
mix, neomycin, formaldehyde) of the Ottawan group’s top
nine pediatric allergens overlapped with the authors’ top
10 pediatric allergens, nearly the same four allergens that
overlapped from the Mayo Clinic’s pediatric top eight.
Lastly, five (nickel, thimerosal, neomycin, fragrance mix,
and myroxylon pereirae) of the NACDG’s top 10 pediatric
allergens overlapped with the authors’ top 10 pediatric
allergens. These results are summarized in Table 2.

DISCUSSION
Variations in regional referral patterns, patch testing

selection criteria, allergen exposure, and allergen testing
may account for some of the differences in allergen

frequencies reported by different referral centers.1 The
significant overlap of allergens in both pediatric and adult
populations confirm that children and adults are being
equally sensitized and developing ACD to similar
environmental allergens.2

The authors notably were referred a significant number
of patients who also carried the diagnosis of AD, resulting
in 76.7 percent of the tested population of patients also
carrying the diagnosis of AD (N=45, 2004–2006). While the
authors recognize that this may overly suggest that an
overwhelming number of patients with AD suffer from
ACD, they do believe the actual clinical frequency of ACD
in AD is high.16

A susceptibility to develop ACD in the setting of AD
could be explained by the following: 1) the defective
epidermal barrier may affect allergen absorption; 2) those
with AD are chronically exposed to an array of sensitizers
in skin care preparations intended to improve their
condition; 3) a Th1 phenotype is added to the Th2
predominant milieu in the chronic eczematous phase of
AD, which could contribute to contact allergen
sensitization.7,8,17 It is important to recognize that Th1 and
Th2 hypersensitivity reactions are not mutually exclusive.18

There is strong supporting evidence for a high proportion
of patients with AD having a high incidence of immediate-
type contact hypersensitivity, which can trigger their
disease.16,19,20 A recent German study linked AD and a loss-
of-function filaggrin mutation to both immediate-type and
delayed-type hypersensitivity reactions. This study
examined patch test results of 1,537 people with both a
history of AD and a loss-of-function filaggrin mutation.21

The study found a strong association between having AD, a

TABLE 1. Top pediatric allergens stratified by co-morbidity

TOP ALLERGEN
ATOPIC DERMATITIS

% (n)
ASTHMA

% (n)
HAYFEVER

% (n)

OTHER ALLERGIES
(ORGANIC)

% (n)

CIGARETTE-
SMOKING 

HOUSEHOLD
% (n)

Nickel (10) 80 (8) 10 (1) 50 (5) 70 (7) 10 (1)

Cocamidopropyl betaine (10) 80 (8) 10 (1) 40 (4) 70 (7) 10 (1)

Myroxylon pereirae (8) 87.5 (7) 25 (2) 37.5 (3) 0 0

Neomycin sulfate (7) 71.4 (5) 0 57.1 (4) 14.3 (1) 14.3 (1)

Disperse blue dye 106 (7) 100 (7) 28.6 (2) 42.9 (3) 57.1 (4) 14.3 (1)

Carba mix (6) 83.3 (2) 33.3 (2) 66.7 (4) 16.7 (1) 16.7 (1)

Cinnaminic aldehyde (5) 100 (5) 20 (1) 60 (3) 80 (4) 0

Formaldehyde (5) 100 (5) 40 (2) 40 (2) 80 (4) 0

Fragrance (5) 80 (4) 40 (2) 20 (1) 60 (3) 40 (2)
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loss-of-function filaggrin mutation, and nickel sensitization.
Commentary for this article pointed out that nickel can
induce both immediate and delayed hypersensitivity
reactions.22

Nickel was found to be one of the top clinically relevant
allergens in our population, matched by only CAPB in its
prevalence. It was, however, the number one allergen
reported in all of the compared studies in this manuscript,
with its relevance as high as 26 percent.15 And while
classically nickel ACD presents on areas of greatest
exposure, such as the earlobes, neck, and wrists (jewelry),
and especially the infraumbilical area (jean snaps, belt
buckles), it can also manifest as either an idiopathic or
systemic reaction.23 Idiopathic reactions are nonspecific
dermatitic responses to allergens in sites that lack direct
contact with the allergen, while a systemic response can
manifest in a variety of ways. For example, patients can
experience flares of previous patch test sites to vesicular
hand dermatitis to symmetrical intertriginous and flexural
exanthem, generalized dermatitis, exfoliative erythroderma,
and oral lichenoid reactions following ingestion of their
allergen.24,25 Our experience with nickel sensitization (and
improvement with dietary nickel avoidance) in patients with
AD at the University of Miami Contact Dermatitis clinic has
shown that the nickel reactions sometimes occur in a short
time frame, suggesting the possibility that a more immediate
reaction could be occurring in addition to a type IV delayed
type hypersensitivity (and can be prevented). Given the
ability of certain allergens to provoke both type I and IV
reactions and the high incidence of both in patients with AD,
the authors recommend including prick, RAST, and
comprehensive patch test evaluation for patients with AD.19

As mentioned above, CAPB also ranked high in this
patient population. CAPB is a surfactant commonly found
in cleansers, foaming agents, and “no-tear” formulations.
The rise in both the number of products containing this
chemical (a 2,250% increase between 1980 and 2005) and
the number of reported allergic reactions, led the American
Contact Dermatitis Society (ACDS) to name it the Allergen
of the Year in 2004.26 The high prevalence of this allergen in
patients with AD (76.7%), and the potential for a
significant number of irritant reactions to this allergen, led

the authors to question the validity of their results. For this
reason, the authors evaluated the correlation of CAPB
positivity with amidoamine and/or dimethylamino-
propylamine (DMAPA), concomitant provocative testing
data, and the improvement of the patients with avoidance.
Their findings supported that these were indeed true
positive reactions.

Next, the prevalence of ACD to myroxylon pereirae and
thimerosal were equal and paralleled the high rank
reported in the Mayo Clinic and NACDG adult contact
dermatitis studies. In addition, fragrance mix 1 (which
contains 3 myroxylon pereirae-based chemicals,
specifically cinnamic aldehyde) ranked in the top 10 of all
the studies reviewed in this paper. Notably, myroxylon
pereirae is a dark brown, complex, viscous fluid harvested
from the wounded mature myroxylon pereirae tree. It has
wide utilization by pharmaceutical, perfume, cosmetic, and
flavoring industries. An increasing number of ACD
reactions to myroxylon pereirae and fragrances have been
seen in infancy and childhood, likely due to the large
variety of baby care products that contain derivatives of
the extract or cross-reactors, many of which are applied
under occlusion to the diaper area.27

Thimerosal is a mercuric derivative of thiosalicyclic acid
that has been used as a disinfectant and a preservative in
some vaccines, cosmetics, tattoo inks, eye drops, and
contact lens solutions. While thimerosal continually is cited
as possessing a high sensitizing capacity, its low clinical
relevance (e.g., positive patch tests not associated with the
current presenting dermatitis) has led to it no longer being
included on most tertiary care centers’ standard panels.
The only vaccine recommended for children under seven
years of age that still contains thimerosal is the inactivated
influenza vaccine.28,29

Neomycin, a well-known antibiotic ointment and cream,
ranked among the top 10 in all the studies evaluated in this
review. Of interest, neomycin has been one of the most
prevalent sensitizers in adult populations for the last three
decades, second only to nickel. The sensitization rates in
children have increased as well, likely from both the over-
the-counter availability and utilization patterns of these
products for minor injuries and “superinfections,”

A
ll

er
ge

n 
(n

)

Frequency %

Figure 2. Top pediatric allergens stratified by comorbidity
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especially in the atopic population.28 In 2010, neomycin was
designated Contact Allergen of the Year by the ACDS.28,30

While many patients with antibiotic allergy present with
dermatitis at the site of product application,31 the topical
application of both neomycin and bacitracin have been
reported to induce anaphylactic reactions as well.31–33

Disperse blue dye 106 was another top clinically
relevant allergen noted in this study. Disperse dyes are
primarily used to color polyester, acetate, and nylon fibers
and are the most common dye sensitizers due to their
partial water solubility, resulting in significant leaching out
of fabrics with normal wear and with repeated garment
washing, ultimately causing absorption by the skin. In two

studies published in 2000, 18 and 40 percent of the
patients suspected of having a textile ACD had positive
patch tests to textile dyes (with the most common
allergens being disperse blue 124, disperse blue 106, and
disperse blue 85).34,35 The rise in prevalence of this allergen
led to disperse dyes being designated as the 2000 Contact
Allergen of the Year. In a 2003 study of 1,098 children,
Giusti et al reported a sensitization rate of 4.6 percent to
disperse dyes, with 59 percent of these children having AD
or a history of AD.36 Children with AD may have been more
likely to have this allergy due to their impaired skin barrier,
providing an easier portal of entry when in contact with
clothing. Notably, in this study, the most common

TABLE 2. Comparison of top culprit allergens: Differing contact dermatitis centers, differing age groups

UNIVERSITY OF
MIAMI PEDIATRIC

CONTACT 
DERMATITIS DATA:

2004–2006
(%)

OTTAWAN
PEDIATRIC CONTACT
DERMATITIS DATA:

1996–2006
(%)

MAYO CLINIC
ADULT CONTACT

DERMATITIS DATA:
1998–2000

(%)

MAYO CLINIC
PEDIATRIC 

DERMATITIS DATA
2000–2006

(%)

NACDG
ADULT CONTACT

DERMATITIS DATA
2001–2004

(%)

NACDG
PEDIATRIC CONTACT
DERMATITIS DATA:

2001–2004
(%)

Nickel sulfate
(23.3)

Nickel sulfate
(26)

Nickel sulfate 
hexahydrate

(14.1)

Nickel sulfate
(22)

Nickel sulfate
(17.2)

Nickel sulfate
(28.3)

CAPB aq
(23.3)

Cobalt
(14)

Myroxylon pereirae
(11.3)

Cobalt chloride
(17)

Myroxylon pereirae
(11.4)

Cobalt chloride
(17.8)

Myroxylon pereirae
(18.6)

Fragrance mix
(7)

Neomycin sulfate
(11.2)

Gold
(10)

Neomycin sulfate
(11.2)

Thimerosal
(15.4)

Thimerosal
(18.6)

Neomycin sulfate
(7)

Cobalt chloride
(11.0)

Thimerosal
(7)

Thimerosal
(10.0)

Neomycin
(8.0)

Neomycin sulfate
(16.3)

Colophony
(6)

Fragrance mix
(10.4)

Benzalkonium chloride
(7)

Fragrance mix
(9.9)

Gold sodium
thiosulfate

(7.8)

Disperse blue 106
(16.3)

Formaldehyde
(4)

Potassium dichromate
(9.8)

Fragrance mix
(6)

Gold sodium 
thiosulfate

(9.5)

Fragrance 
(5.1)

Carba mix
(14)

Lanolin
(4)

Thimerosal
(9.3)

Neomycin
(6)

Quaternium 15
(9.3)

Myroxylon pereirae
(3.9)

Cinnamic aldehyde
(11.6)

Quatemium-15
(4)

Bacitracin
(8.7)

Potassium dichromate
(6)

Formaldehyde aq
(8.8)

Quaternium 15
(3.6)

Formaldehyde aq
(11.6)

Para-phenylenediamine
(4)

Formaldehyde
(7.9)

Bacitracin
(8.1)

Lanolin
(3.6)

Fragrance mix
(11.6)

Glutaraldehyde
(5.5)

Cobalt chloride
(7.5)

Potassium dichromate
(3.6)

Note: Italicized allergens are allergens overlapping with that of the top pediatric allergens at the University of Miami. Also note: All alergens were
administered in a petroleum-based vehicle unless otherwise indicated. In addition, the Ottawan center was a participant in the NACDG pediatric
study data.

Jacob.qxp  9/30/10  12:03 PM  Page 33



[ O c t o b e r  2 0 1 0  •  V o l u m e  3  •  N u m b e r  1 0 ]34

sensitizer was disperse yellow 3, followed by disperse
orange 3, and disperse blue 124.36

Lastly, formaldehyde placed on the top 10 list in this
study’s data and three of the studies the authors compared
in this manuscript—the Ottawan pediatric, Mayo Clinic
adult, and the NACDG adult CD studies. Formaldehyde is
found in clothing, building materials, and many personal
hygiene products, used as both a preservative and for its
antimicrobial properties.30,37 The authors acknowledge that,
in fact, they may have inadvertently underestimated the
prevalence rate of formaldehyde (and fragrances) with the
implementation of their “super sensitive skin regimen,”
which includes the avoidance of these agents in patients
with moderate-to-severe dermatitis.9 Notably, 18 percent of
the 69 evaluated children experienced significant
improvement of their dermatitis with the implementation
of the regimen alone and led to deference of the patch test.
Ultimately, this may have led the authors to under report
the frequency of these allergens in the patient population.

There are several limitations to this study, including the
inherent limitations of a retrospective review, the low
statistical power of a small patient population, and the
referral bias of a tertiary care center with a patient
population characterized by refractory, moderate-to-
severe dermatitis. The authors recognize that this study
represented a subset of children specifically referred by
dermatologists for evaluation of ACD and may not be
applicable to the pediatric population at large. This study
demonstrates a need for additional multicenter,
prospective studies incorporating sites from multiple
regions. 
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